INTRODUCTION
The antagonistic order parameters of superconductor (S) and ferromagnet (F) lead to several fascinating effects in the transport and magnetic properties of thin film S-F heterostructures [1, 2] . It has been noticed that there is a large suppression of the superconductivity at the S-F interface due to the strong pair breaking effect of the ferromagnet via spin-flip scattering and/or spin rotation. The ferromagnetic layer is also affected by the presence of the superconductor as the Cooper pairs entering the F region acquire a center of mass momentum due to the exchange field of the F. This adds an oscillating term to the Cooper pair wave function inside the ferromagnetic region [3] . The experimental studies on S-F bilayers [4] [5] [6] [7] , trilayers [8] [9] [10] multilayers [11] [12] [13] [14] and S-F-S junctions [15] [16] [17] [18] [19] [20] show effects such as the direct and inverse proximity effect, reentrant superconductivity and critical temperature oscillations.
In addition, the phenomenon of long range triplet pairing is possible when the coupled ferromagnetic layers have inhomogeneities in magnetization, which can be due to domain walls, spiral magnetism and spin scattering at the interface [19] [20] [21] . In the case of a F-S-F trilayer, for certain angles between the magnetization vectors of the F layers, a triplet pairing can be induced in the F layers [23, 51] . As a result, the Cooper pair can survive in ferromagnetic region up to length scale of normal metal coherence length (ξ N ).
In most of the S-F hybrids studied till date, the F order sets in at a temperature (T Curie ) higher than the transition temperature (T C ) of the superconductor and thus the nucleation of the superconducting state is subjected to a robust exchange field of the ferromagnet.
An equally important and perhaps much more illuminating option is to have a ferromagnet whose T Curie is lower than the T C of the superconductor. If the ferromagnet is sufficiently thin, one may see suppression of T Curie due to induced superconducting order in the F. To the best of our knowledge, there is no direct evidence of this, while the converse has been well demonstrated.
The heterostructures of NbN and HoNi 5 offer an ideal system to study suppression of F order due to superconductivity because NbN becomes superconducting at ∼16 K and the bulk ferromagnetic ordering temperature (T Curie ) of HoNi 5 ∼5 K. In our previous article on NbN/HoNi 5 bilayers [24] , we have reported a spectacular flux flow induced peak effect in the magnetoresistance R(H) of the system at temperatures below which HoNi 5 is 2 ferromagnetic. This observation was attributed to a spin reorientation transition induced by the in-plane magnetic field. These bilayer samples, however, do not show any direct signatures of the competition between the F and S order parameters. In contrast, a trilayer film of HoNi 5 /NbN/HoNi 5 displays dramatic effect of the antagonism in R(T) and M(T) measurements as the system is cooled through the superconducting and magnetic transition temperatures. The most striking signature of the competition is a reentrant superconducting transition in the R(T) data of the trilayers when the NbN films are made sufficiently thin such that the perturbation from the F layer is strong enough to suppress superconductivity over a limited range of temperature below the T C of NbN. We have established a critical range of T Curie /T C , where T Curie and T C respectively are magnetic and superconducting transition temperature of the trilayer in which the reentrance is seen. The reentrant behavior is also seen prominently in the M(T) data. We draw a comparison between these results and a recent prediction of reentrant superconductivity (RES) in F-S layers where F layer has inhomogeneous magnetization [25] . Since HoNi 5 is a highly anisotropic ferromagnet and the films used here are polycrystalline with evidence of inhomogeneous magnetization, it may allow a strong superconducting proximity effect at lower temperatures. However, we can not rule out the possibility that Ho 4f moments at both interfaces perturb the superconductivity of the thin NbN layer, leading to reentrance to the normal state. To the best of our knowledge we are presenting first observations of reentrant superconductivity in S-F heterostructures of T Curie < T C , while it has been observed prominently in bulk superconductors such as ErRh 4 B 4 , HoMo 6 S 8 and HoNi 2 B 2 C [26] [27] [28] [29] [30] . of growth condition can be found in previous reports [31, 32] . For the measurements of electrical transport, the samples were patterned into 15 µm wide lines by using tungsten shadow mask and Ar + ion milling technique. A schematic diagram of sample geometry is shown in the upper inset of Fig. 1(a) .
RESULTS AND DISCUSSION
We first present the results of x-ray reflectivity measurements on behavior in the framework of TAFF model [34] in the subsequent section.
The reentrant behavior shows a strong dependence on the current used for the resistivity measurements. In Fig. 3(a) we show the R(T) data in zero field for current varying from 1 µA to 2 mA (current density j from 6.6 x 10 2 A/cm 2 to 133.3 x 10 4 A/cm 2 ). The changes in the R(T) with current in the temperature regime where the two order parameters compete strongly, is quite different from the behavior seen under H ⊥ field (Fig. 2(b) ). Here at the lowest current density, there is very little evidence of a minimum in the R(T) below the onset of superconductivity. We only see a shoulder below which the resistance drops precipitously to zero. As the current density is increased from 6.6 x 10 2 A/cm 2 to 6.6 x 10 4 A/cm 2 , the minimum in the R(T) becomes pronounced and the T p shows a small shifts to lower temperatures (see Fig. 3(b) ). A further increase in j to 33. We now address the strong measuring current dependence of the dissipation in the tail region of the superconducting transition in the F-S-F film [43] . bilayers as a function of CuNi layer thickness [6, 7] . Such observations have been made earlier as well [4, 5] . This arises because the superconducting pair amplitude (PA) is oscillating inside the F, and depending on the thickness of the F layer [1, 2] , the PA at the interface region of the F can be very large or nearly zero, leading to a higher or lower T c respectively. films grown on MgO substrate shows inhomogeneities in magnetization due to different orientation of nanostructures, as we have discussed in previous report [31] . It is possible that the inhomogeneous magnetization of HoNi 5 allows a reentrant behavior in the Wu, Valls and Halterman sense [25] . This effect is presumably accentuated by the presence of HoNi 5 on both sides of the thin NbN layer.
A more intuitive explanation for the RES can, however, be given in terms of proximity effect in a normal (N) and ferromagnetic metal. The decay of superconducting order parameter in N and F layers is given by the length scale ξ N = (hD N /2πk B T CS ) 1/2 and [5] . Here ξ N and ξ * F are coherence length, and D N and D F are diffusion coefficients in the normal and ferromagnetic metal respectively. The other relevant length scale in the problem is ξ F = (hD F /E ex ) 1/2 , which defines the decay of the S order parameter in the F layer. It is measure of the length scale over which superconductivity is induced in the F layer. The exchange splitting of the conduction band E ex is related to the exchange integral I and magnetic moment µ F as E ex = Iµ F [46] . Since E ex goes to zero at T Curie , ξ F diverges on warming the sample toward the magnetic ordering temperature. This divergence is however cut off by ξ N . This is the unique feature of our experiment because T Curie < T C . As long as T Curie < T < T C , the superconductivity in the effective thickness of d S + 2ξ N where d S is the thickness of superconducting layer, leads to a drop of resistance. But as soon as T ≃ T Curie this effective thickness starts decreasing not only because ξ F < ξ N but also because of the pair breaking effects of the magnetic layer inside the superconducting film. The consequence of this would be a rise in the resistance.
We have estimated the diffusion coefficient D F of HoNi 5 from the specific heat data [47, 48] and measured resistivity of 40 nm thick HoNi 5 film, which is ≈ 280 µΩcm. Since the elastic mean free path for this value of resistivity is already of the order of interatomic distance, we expect a marginal increase of resistivity of the thinner HoNi 5 film due to size effect [49] .
Band structure calculations of E ex for HoNi 5 [50] suggest a value of 0.5 eV, which yields ξ F (0) ≈ 0.3 nm. Since for a strong ferromagnet like Fe, ξ F is only ≈ 1 nm [51] , we believe that this calculation overestimates E ex . The ξ N on the other hand is 2.7 nm. As the correlation length in HoNi 5 reduces on going through the magnetic transition, a reentrance into the normal state is expected. However, at still lower temperatures, the order parameter in the S film becomes robust enough to short circuit the HoNi 5 films and the resistance would start approaching zero value. These semi quantitative arguments are consistent with the results in Fig. 1 . 
